Background/aims: Lipopolysaccharide (LPS ) induces liver injury which is associated with upregulated endothelin (ET)-1 production. The aim of this study was to investigate the effects of tezosentan, a nonselective ETA and ETB receptor antagonist, in LPS challenged rats with cirrhosis. Methods: Rats with cirrhosis received LPS and then tezosentan or placebo one hour later. Four hours after LPS administration, rats were killed to measure serum transaminase activity and plasma tumour necrosis factor a (TNF-a) levels. Hepatic inducible nitric oxide synthase (iNOS), myeloperoxidase (MPO), a marker of neutrophil infiltration, and cyclooxygenase (COX)-2 expression were also measured. Results: LPS administration significantly decreased arterial pressure and significantly increased plasma endothelin levels. Following LPS and tezosentan administration, serum aspartate aminotransferase and alanine aminotransferase activities were similar to those in the control group while they were increased by more than 700% with LPS alone. Plasma TNF-a levels were significantly lower in rats receiving LPS and tezosentan (182 (38) pg/ml) compared with those receiving LPS alone (821 (212) pg/ml). Tezosentan significantly decreased hepatic MPO activity and hepatic neutrophils but had no effect on LPS induced iNOS or COX-2. Survival rate was significantly higher in rats receiving LPS plus tezosentan (80%) than in rats receiving LPS alone (50%). Conclusion: In LPS challenged cirrhotic rats, tezosentan administration prevents LPS induced liver injury by decreasing intrahepatic neutrophil infiltration. In addition, tezosentan increases survival in these rats.
I
n cirrhosis, morbidity and mortality due to sepsis is high. [1] [2] [3] Lipopolysaccharide (LPS), from the cell wall of Gram negative bacteria, is the cause of most abnormalities induced by this type of pathogen. [1] [2] [3] During severe endotoxaemia, the liver is crucial because it contains most of the macrophages (Kupffer cells) which eliminate endotoxin, and hepatocytes synthesise the acute phase proteins and enzymes that modulate the inflammatory response. 4 LPS also contributes to the pathogenesis of liver injury. 5 Early liver dysfunction is associated with the abnormal release of hepatic enzymes into the circulation and prolonged exposure to cytokines leads to liver failure. 6 7 Tumour necrosis factor a (TNF-a) plays a major role, and mortality and liver injury following LPS administration have been shown to be primarily TNF-a dependent. 8 9 In addition, specific sensitivity to LPS has been shown in cirrhosis, associated with a higher mortality and release of TNF-a in the circulation. 6 However, the exact mechanisms of this phenomenon are unclear but may depend on either the polynuclear infiltrate or the nitric oxide-cyclooxygenase (NO-COX) system. Endothelin 1 (ET-1), a strong vasoconstrictor of the splanchnic and systemic circulation, plays a role in the portal haemodynamic abnormalities in cirrhosis and in liver damage after ischaemia. [10] [11] [12] [13] Hepatic ET-1 concentrations are increased in cirrhosis and the increased plasma ET-1 levels are probably due to increased hepatic and renal production. [14] [15] [16] However, a decrease in ET-1 metabolism in hepatocytes may also be an important mechanism in cirrhosis. 17 18 The biological effects of ET-1 are mediated by activation of various transduction pathways which probably contribute to these diverse responses. It has been shown that endotoxin administration results in upregulation of the endothelin system 19 20 causing monocytes to produce proinflammatory cytokines such as TNF-a. 21 These effects of LPS are important in acute endotoxaemia in patients with cirrhosis who have high concentrations of endothelin and a decrease in hepatic NO production. [21] [22] [23] As ET-1 is a major component of LPS induced liver injury in cirrhosis, the aim of this study was to evaluate the effects of tezosentan, a specific non-selective endothelin receptor antagonist, 24 on liver injury after LPS administration in rats with cirrhosis. Different mechanisms of action were also investigated.
MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats (Charles River Laboratories, SaintAubin-les-Elbeuf, France) were used in the study. Rats underwent bile duct ligation to induce secondary biliary cirrhosis. Surgery was performed under pentobarbital anaesthesia, as previously described. 25 Briefly, the common bile duct was exposed by median laparotomy and occluded by double ligature with a non-resorbable suture. The common bile duct was then resected between the two ligatures and the abdominal incision closed. Secondary biliary cirrhosis was considered to be present 4-5 weeks after bile duct ligation.
Protocols performed in this laboratory were approved by the French Agriculture Office in conformity with the European legislation for research involving animals.
Administration of LPS and tezosentan
Twenty four hours before experiments, rats were anaesthetised with sodium pentobarbital (100 mg/kg intraperitoneally). The left femoral vein was cannulated (catheter PE-10; Clay Adams, Maryland, USA) for drug administration and the left femoral artery for mean arterial pressure and heart rate measurements. The following day, conscious and unrestrained rats with secondary biliary cirrhosis were divided into three groups: the control group (n = 10) received a placebo of LPS (isotonic saline) and a placebo of tezosentan (isotonic saline) intravenously one hour later; the LPS group (n = 20) received intravenous 1.0 mg/kg LPS (Escherichia coli lipopolysaccharide serotype 0111:B4) dissolved in isotonic saline and a placebo of tezosentan one hour later; and the LPS plus tezosentan group (n = 15) received intravenous 1.0 mg/kg LPS and tezosentan (5 mg/kg) intravenously dissolved in isotonic saline one hour later. Four hours after LPS administration, surviving rats were sacrificed by decapitation. Serum was collected to determine transaminase activities and stored at 280˚C for endothelin and TNF-a determination. Liver tissue was rapidly frozen in liquid nitrogen and stored at 280˚C.
Plasma endothelin levels
Plasma endothelin levels were determined by ELISA according to the manufacturer's instructions (RD Systems Europe, Abingdon, UK).
Serum transaminase activities
Serum aspartate aminotransferase and alanine aminotransferase activities were measured with a Hitachi 717 automatic analyser (Roche Diagnostic, Meylan, France).
Plasma TNF-a levels Plasma TNF-a levels were determined using a sensitive enzyme linked immunosorbent assay ELISA kit (Biosource International, Camarillo, California, USA) specific for rat TNF-a, according to the manufacturer's instructions.
Myeloperoxidase (MPO) in liver tissue
MPO, a marker of neutrophil infiltration, in liver tissue extracts was measured by an ELISA kit (Merck Eurolab, Strasbourg, France) according to the manufacturer's instructions. 26 The lower detection limit was 1.6 ng/mg of protein. Approximately 0.1 g of excised organ was placed in 1 ml of phosphate buffered saline (PBS) containing a complete protease inhibitor (Roche Diagnostic) and homogenised with a Tissue Taeror (Bioblock Scientific, Illkrich, France). The homogenates then underwent freeze-thaw extraction twice, were centrifuged at 6000 g for 20 minutes at 4˚C, and the cleared supernatants were used to measure MPO. Protein concentrations in the supernatants were measured by a protein dye binding assay (Life Science, Marnes la Coquette, France). 27 MPO concentrations in liver extracts were expressed as ng/mg of protein.
Liver histology
The liver was excised, frozen in liquid nitrogen, and stored at 280˚C for subsequent analyses. Part of the tissue was fixed in 10% paraformaldehyde. Certain liver tissues were directly fixed in formalin. Liver sections were stained with haematoxylin and eosin. The proportion of neutrophil infiltrates were assessed by semiquantitative evaluation.
Hepatic inducible nitric oxide synthase (iNOS) activity NOS activity was measured by converting L[
14 C] arginine into L[
14 C] citrulline based on the modified method of Cahill and colleagues. 28 29 Tissues were homogenised and sonicated (Bioblock Scientific) at 4˚C in a buffer containing 320 mmol/l sucrose, 50 mmol/l Tris HCl, 1 mmol/l EDTA, 1 mmol/l DTT, 100 mg/ml phenylmethylsulphonyl flupride (PMSF), 10 mg/ml leupeptin, 10 mg/ml trypsin inhibitor, 2 mg/ml aprotinin, 1% Nonidet-P40, and 0.1% sodium dodecyl sulphate (SDS) on ice. Homogenates were centrifuged at 1000 g for five minutes at 4˚C. The protein concentration of the supernatant was measured as described by Bradford 27 with bovine serum albumin as standard. Fifty microlitres of the supernatant (50-100 mg protein) were incubated in a total volume of 160 ml Tris HCl (pH 7.4) containing 1 mmol/l EDTA, 4 mmol/l tetrahydrobiopterin, 1 mmol/l NADPH, 50 mmol/l valine, 5 mmol/l ethylene glyco-bi-aminoethylether-N-tetraacetic acid (EGTA), 100 nmol/l calmodulin, and 1 mCi/ml L[
14 C] arginine. To determine iNOS independent arginine-citrulline conversion, another parallel reaction was performed with an additional 1 mmol/l N W -nitro-Larginine. The reaction was continued for one hour at 25˚C and stopped by adding 1 ml of ice cold PBS and 3 mmol/l EGTA (pH 5.5). L[ 14 C] citrulline was separated by applying the samples to columns containing Dowex AGW-X8 and eluting them with 1 ml of 1 mmol/l citrulline. The amount of radioactivity was measured by scintillation counting (Beckmann, Irvine, California, USA). Enzyme activity was expressed as pmol of citrulline formed per mg of proteins per hour.
Hepatic iNOS protein expression
Liver tissue was homogenised in buffer containing 320 mmol/l sucrose, 50 mmol/l Tris HCl (pH7.4), 1 mmol/l EDTA, 0.1% SDS, 1% Nonidet P-40, 1 mmol/l DTT, 10 mg/ml trypsin inhibitor, 2 mg/ml aprotinin, 100 mg/ml PMSF. Samples were sonicated three times for 20 seconds (Bioblock Scientific). Homogenates were centrifuged at 12 000 g for five minutes at 4˚C to remove tissue debris. Total protein concentration was determined 27 and an aliquot of homogenate was suspended in an SDS sample buffer (0.5 Tris HCl (pH 6.8), 10% glycerol, 3% SDS, 2% b-mercaptoethanol, 30 mmol/l EDTA, and 0.0025% bromophenol blue). Equal amounts of the denatured protein bar lane underwent SDS-polyacrylamide gel electrophoresis (10%). Protein concentrations were between 50 and 100 mg per lane. Gels were transferred to nitrocellulose by electroblotting. Nitrocellulose filters were blocked by incubation in 5% non-fat dry milk, 1% bovine serum albumin, 0.1 mol/l NaCl, 0.01 mol/l Tris HCl (pH 7.5) and 0.1% Tween 20 overnight at 4˚C. Blots were then incubated for one hour with specific antisera against iNOS (1/3000) (Transduction Laboratories, Lexington, Kentucky, USA) in the same buffer. Blots were washed six times for 10 minutes in 0.1 mol/l NaCl, 0.01 mol/l Tris HCl (pH 7.5), 0.1% Tween 20, and thereafter incubated for one hour at 25˚C with a secondary antibody (antirat Ig, peroxidase linked species specific whole antibody). Blots were again washed six times for 10 minutes. Immunoreactivity was visualised by autoradiography. Autoradiographs were scanned by laser densitometry and liver iNOS protein expression in cirrhotic rats after LPS and LPS plus tezosentan administration was expressed as percentage of liver iNOS expression.
Immunoreactive bands were quantified by video densitometry. Values are given in arbitrary units. Results are expressed as a percentage of control group values (100%).
Cyclooxygenase 2 (COX-2) immunostaining
Immunostaining was performed by the avidin-biotin complex technique using the Vectastain ABC-AP kit (Vector Laboratories, Burlingame, California, USA). Briefly, 4 mm thick cryostat sections were fixed in acetone and washed in 10 mM sodium phosphate, pH 7.5, 0.9% saline (PBS). Nonspecific binding sites were blocked with normal serum from the kit for 10 minutes. The primary goat polyclonal specific antibody to COX-2 (Santa Cruz Biotechnology, Santa Cruz, California, USA) was diluted 1:400 and incubated overnight at room temperature. Sections were then incubated with a 1:200 dilution of biotinylated rabbit antigoat IgG for 30 minutes at room temperature. After PBS washes, sections were incubated with the ABC-AP reagent for 30 minutes at room temperature. Sections were rinsed and incubated in alkaline phosphatase substrate solution (Vector Laboratories). Finally, sections were counterstained in haematoxylin for one minute and mounted in immunomount (Shandon, Pittsburg, Pennsylvania, USA). Formalin fixed paraffin embedded sections of human colorectal carcinomas known to have strong immunolabelling for COX-2 were used as a positive control while omission of the primary antibody or incubation with the primary antibody and a blocking peptide served as a negative control.
Substances
L[
14 C]arginine was purchased from Amersham (Arlinton Heights, Illinois, USA). All other substances were purchased from Sigma Chemical Co. (Saint Louis, Missouri, USA).
Tezosentan was a generous gift from Dr Martine Clozel (Actelion Pharmaceutical Laboratory, Switzerland).
Statistical analysis
Results are expressed as mean (SEM). Comparisons between groups were made using two factor ANOVA or the Student's t test, as appropriate. Survival rate was compared using the x 2 test. A probability level of p,0.05 was considered to be significant.
RESULTS
Mean arterial pressure and heart rate LPS administration significantly decreased mean arterial pressure and significantly increased heart rate in both the LPS group and the LPS plus tezosentan group compared with the control group (table 1). This effect was detected one hour after LPS administration. Tezosentan administration had no significant effect on mean arterial pressure compared with LPS alone (table 1) .
Measurements were performed every 15 minutes (results were presented as mean for one hour). Cirrhotic rats received either LPS or placebo at one hour and tezosentan or placebo at two hours. In the control group, rats received placebo and placebo, in the LPS group, rats received LPS and placebo, and in the LPS + tezosentan group, rats received LPS and tezosentan.
Plasma endothelin levels
In the LPS group (n = 4), plasma endothelin concentrations were significantly higher than in the control group (n = 4) (fig 1) . In the LPS plus tezosentan group (n = 4), plasma endothelin concentrations were not significantly different from the LPS group (fig 1) .
Serum transaminase activities
In the LPS group (n = 7), serum transaminase activities were significantly higher than in the control group (n = 9) (fig 2) . In the LPS plus tezosentan group (n = 10), serum Table 1 Heart rate and mean arterial pressure in the three groups of rats with cirrhosis Endothelin (pg/ml) Figure 1 Plasma endothelin levels in the three groups of rats with cirrhosis. Control group, rats received placebo and placebo; LPS group, rats received lipopolysaccharide (LPS) and placebo; LPS + tezosentan group, rats received LPS and tezosentan. There was a significant difference between the LPS group and the control group. B) ) in the three groups of rats with cirrhosis. Control group, rats received placebo and placebo; LPS group, rats received lipopolysaccharide (LPS) and placebo; LPS + tezosentan group, rats received LPS and tezosentan. The LPS group had significantly higher levels than the LPS + tezosentan and control groups. transaminase activities were not significantly different from the control group but were significantly lower than in the LPS group (fig 2) .
Plasma TNF-a levels
The mean value for plasma TNF-a levels in the control group (n = 7) was 2.5 (0.7) pg/ml. In the LPS group (n = 6), plasma TNF-a levels were significantly higher (821 (212) pg/ml) than in the control group. In the LPS plus tezosentan group (n = 10), plasma TNF-a levels (182 (38) pg/ml) were significantly different from both control and LPS groups.
MPO level in liver tissue
The mean value for hepatic MPO levels in the control group (n = 7) was 23.1 (1.8) ng/mg of protein. In the LPS group (n = 10), hepatic MPO levels were significantly higher (36.0 (4.4) ng/mg of protein) than in the control group (p,0.05). There was no significant difference in hepatic MPO levels between the control group and the LPS plus tezosentan group (n = 8) (18.8 (4.1) ng/mg of protein).
Liver histology
In the LPS group (n = 3), numerous neutrophils were observed in the lobular zone between hepatocyte plates ( fig 3A) ; the number of neutrophils was higher than in the control group (n = 3). In the LPS plus tezosentan group (n = 3), less neutrophils were observed in comparison with the LPS group (fig 3B) .
Hepatic iNOS activity
After LPS administration, hepatic iNOS activity was significantly higher in the LPS group (n = 6) (78.2 (7.7) pmol/mg of protein/h) and in the LPS plus tezosentan group (n = 6) (65.1 (7.3) pmol/mg of protein/h) than in the control group (n = 6) (49.4 (2.6) pmol/mg of protein/h). Hepatic iNOS activity was not significantly different between the LPS and LPS plus tezosentan groups.
Hepatic iNOS protein expression
Hepatic iNOS protein expression was significantly higher after LPS administration in the LPS group (n = 4) (190 (21)%) and in the LPS plus tezosentan group (n = 4) (184 (24)%) than in the control group (n = 4) (100%) (fig 4) . There was no significant difference in hepatic iNOS protein expression between the LPS and LPS plus tezosentan groups (fig 4) .
COX-2 immunostaining
COX-2 positivity, estimated in three hepatic samples in each group, increased after LPS administration in the LPS and LPS plus tezosentan groups compared with the control group ( fig 5) . There was no significant difference in COX-2 positivity between the LPS and LPS plus tezosentan groups. COX-2 was mainly detected in inflammatory and endothelial cells.
Mortality
In the LPS group, 10 of 20 (50%) cirrhotic rats died and in the LPS plus tezosentan group three of 15 cirrhotic rats (20%) died. There was a significant difference between the two groups (p,0.001). There was no mortality in the control group.
DISCUSSION
This is the first study to investigate the effects of tezosentan, a non-selective endothelin receptor antagonist, in LPS challenged rats with cirrhosis. LPS was administered intravenously, followed by intravenous administration of tezosentan or placebo one hour later. Thus the study design mimics the occurrence of severe endotoxaemia by intravenous administration of a Gram negative bacterial product. In this study, normal rats were not investigated as we observed that 1 mg/kg LPS intravenously had only minor effects on serum transaminase activities and had no lethal effects (unpublished results, Moreau and Lebrec, 2001 ). Similar findings have been previously observed. 6 7 In this series of rats with cirrhosis, LPS administration induced a significant decrease in arterial pressure and an increase in plasma endothelin levels associated with elevated Figure 4 Hepatic inducible nitric oxide synthase (iNOS) hepatic protein expression in the three groups of rats with cirrhosis. CBS group, rats received placebo and placebo; CBS + LPS group, rats received lipopolysaccharide (LPS) and placebo; CBS + LPS + tezosentan group, rats received LPS and tezosentan. Hepatic iNOS hepatic expression was significantly higher in the LPS and LPS plus tezosentan groups than in the control group.
serum transaminase activities and high mortality indicating endotoxin induced liver injury. These results were similar to those previously observed with similar dosages. 6 7 19 20 Tezosentan administration did not prevent LPS induced arterial hypotension but did prevent increased serum transaminase activities. This suggests that tezosentan has no systemic haemodynamic effects in LPS challenged rats and that arterial hypotension is not the main cause of liver injury in rats with cirrhosis. The beneficial effects of tezosentan on liver injury were similar to those obtained with an endothelin antagonist in acute hepatic ischaemia/ reperfusion where blockade of both ETA and ETB receptors reduced hepatocellular injury. 30 On the other hand, our results obtained with this non-selective ETA and ETB receptor antagonist differ from those obtained with a selective ETA receptor antagonist which showed worsening of endotoxin induced hepatic changes and necrosis. 31 This suggests that endothelin via ETB receptors or the association of both ET receptors plays a major role in the occurrence of liver injury following LPS administration.
LPS stimulates the production of TNF-a in monocytes and macrophages 8 and TNF-a plays an important role in LPS induced liver injury. The role of TNF-a in liver injury includes triggering apoptosis and necrosis of hepatocytes in vivo 8 9 32 and it may have direct cytotoxic effects in human hepatocytes. 7 In the present study, tezosentan administration limited the increase in serum TNF-a concentrations following LPS administration and thus decreased LPS elicited liver injury. However, the mechanism that causes tezosentan to decrease plasma TNF-a levels remains unclear.
LPS is known to induce significant intrahepatic neutrophil infiltration which plays a role in liver injury. 4 This was confirmed in this study by the increased intrahepatic neutrophil MPO activity (a marker of neutrophil infiltration) in rats receiving LPS alone. In contrast, rats treated with tezosentan had no increase in intrahepatic neutrophil MPO activity and MPO activity was similar to the control group. Liver histology examination confirms the role of neutrophil infiltration following LPS administration. These findings show that tezosentan prevents LPS induced liver injury, at least in part, by decreasing neutrophil infiltration in the liver.
The exact role of NOS in LPS induced hepatotoxicity has not been clearly established. 33 34 LPS has been shown to induce iNOS and COX-2 in the liver. 4 NO derived iNOS and proinflammatory prostaglandins produced by COX-2 may play a role in LPS induced liver injury. Thus the prevention of liver injury by tezosentan could be related to iNOS inhibition or COX-2 induction. However, this hypothesis is not supported by our results which showed that iNOS and COX-2 expression were similar in the tezosentan and placebo groups while they were increased in rats receiving LPS alone.
In this study, tezosentan administration markedly and significantly reduced LPS induced mortality. This suggests that activation of endothelin receptors plays a major role in the mechanisms of death induced by endotoxin in rats with cirrhosis. Thus, tezosentan, like various other substances, may reduce the death rate during endotoxin shock.
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Although the mechanisms of these substances differ, the potential use of a specific non-selective ETA and ETB receptor antagonist might be useful in patients with cirrhosis who develop severe endotoxaemia. Moreover, as tezosentan was administered one hour after LPS, the design of this study mimics clinical conditions and further emphasises the beneficial effects of this antagonist. The exact mechanism of tezosentan on LPS induced mortality remains unknown.
In conclusion, in LPS challenged cirrhotic rats, the use of tezosentan, a specific non-selective ETA and ETB receptor antagonist, prevented LPS elicited liver injury, in part by decreasing intrahepatic neutrophil infiltration. In addition, tezosentan increased survival rate in these rats. The results of the present study suggest that tezosentan administration might be a novel approach to the treatment of endotoxin shock in patients with cirrhosis. 
Answer
From question on page 1824 Histopathology revealed high grade T cell non-Hodgkin's lymphoma involving the entire resected colon, the terminal ileum, and all 17 dissected lymph nodes. Immunophenotyping of the malignant T cells showed expression of CD3, CD30, and CD4 but CD8 expression was absent. The patient was unfit for chemotherapy and died two months later.
Colonic lymphoma is a rare but recognised complication of ulcerative colitis. Colitis associated colonic lymphoma, unlike sporadic lymphoma, is often multifocal, left sided, high grade, and extensive at diagnosis. Mean age at presentation is 50 years and mean duration of colitis at the time of diagnosis of the lymphoma is 12 years. Most colonic lymphomas are non-Hodgkin's type, arise from mucosa associated lymphoid tissue, and are B cell in origin. T cell lymphoma is rare in the large bowel but has been described in coeliac disease and following organ transplantation.
This case illustrates the difficulty in differentiating inflammatory bowel disease from colonic lymphoma, which should be considered in patients with resistant disease. 
